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METHOD, DEVICE AND LASER SYSTEM FOR PROD UCING V IDEO 


^SCREEN HOLOGRAM S AS WELL AS A VIDEO SCREEN HOLOGRAM 

The invention relates to a method, a device and a laser 
system for producing video screen holograms as well as to a 
video screen hologram according to the preambles of Claims 1, 
16, 19 and 21. 

Video screen holograms, which are produced as holographic 
images of real white video screens or video projection screens 
and are recorded by means of lasers in the primary colors red, 
green and blue (rgb) , have the advantage that they are 
effective only within a narrow spectral range about the 
recording wavelength and simultaneously only within a very 
limited projection angle about the direction of incidence of 
the reference beam during the preceding hologram recording. 
The method of operation of such screens or holographic video 
screens is described in detail in German Patent Applications 
No. 19700162.9 and No. 19703592.2. 

As the light sources for the projection, rgb lasers in 
the continuous wave mode and in the pulsed mode as well as rgb 
light-emitting diodes can mainly be used. The image build-up 
•"c a n— op t-i-Gna-Ll-V— b.e_im p 1 erne n te d by the serial scanning of a 


collimated laser beam or by the imaging of an image modulator 
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in the expanded beam of a laser or a light-emitting diode onto 
the screen. Holographic video screens can be produced for the 
front projection as well as for the rear projection. Because 
of their wavelength selectivity and directional selectivity, 
bright and high-contrast images of a high color fidelity can 
be projected onto video screen holograms even in a daylight 
environment. The projector with the narrowband light sources 
is placed at the beam origin of the divergent reference beam. 

Only from there will the projection light be efficiently 
diffracted out of the hologram toward the viewer. In this 
case, for example, the diffuse broadband ambient light can, in 
an unhindered manner, traverse the video screen hologram from 
all other directions of incidence. 

For the reproduction or the projection of images onto 
video screen holograms, for example, rgb lasers are used, as 
described in "RBG Optical Parametric Oscillator Source", K. 
Snell et al., Aerosense 99 ^ and in German Patent Documents DE 
195 04 047 and DE 44 32 029. 

The possible applications of video screen holograms 
extend over the wide field of small displays, for example, for 
a single person in vehicles and airplanes or at office 
workstations, to large-surface screens for several viewers at 
events . 
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The smaller displays can be recorded by means of 
frequency-stable rgb continuous-wave lasers. In this case, 
the high requirements with respect to the stability of the 
laser and of the course of the beam and the connected high 
expenditures are disadvantageous and result in high cost. 

An image representation on large video screen holograms 
which is independent of the ambient light would be very 

Ml. 

|«|, attractive, for example, for many different applications in 
H the home and the office, for television, computers and 

i s 

"^1; electronic cinema and for projections in lecture halls, movie 
theaters and open-air theaters. However, the production of 

s larger video screens, for example, of the size of typewriter 

C| 

Lfl paper (DIN A4) or larger, presents considerable technical 

m 

ij^ difficulties . 

Q 

m 

First, the output power of the strongest continuous-wave 
lasers for hologram recordings is currently limited to only a 
few watts, which, when luminating the particularly suitable 
silver halide and photo polymer materials, starting at a size 
of 1 m^, requires a lumination time of tens of minutes. For 
these long lumination times, the requirements with respect to 
the mechanical and thermal stability of the material, with 
respect— to— t-he--optd-ca-l—components'~o'f~the"be^ path and wiTfi 
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respect to the frequency stability of the laser are 
particularly high. 


Second, the object beam and reference beam when recording 
the hologram must be expanded at the expense of the light 
output over the size of the video screen and of the hologram, 
because the radial intensity distribution is not constant over 
the laser beam but follows a normal distribution which 
requires a considerable widening in order to achieve a 

tZ*; lighting which is as homogeneous as possible over the surface 

Uy 

— - of the holograms. When, for creating a large video screen 

U!i 

hologram, several video screen holograms are joined together, 
Uli the intensity drop toward the edges of the individual 

m 

ii luminated holograms is particularly disturbing because then a 

Q 

Ijji periodic shadow pattern will run through the entire video 

111 

i^; screen during the projection. 

i3 
III 

Third, the luminating of the three rgb colors of three 
lasers into the same hologram results in difficulties because 
a uniform luminating of all three lasers over a larger surface 
can hardly be achieved. Because the wavelengths of the lasers 
are clearly different, differences occur in the beam 
transmission by refraction, diffraction and scattering at 
different points of the entire beam path, which leads to a 
n"onunxf~o'rm"~co"liDr~~di"s^ elTminate in the^ 
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case of an imaging over an extensive surface. 

It is therefore an object of the present invention to 
provide a method, a device and a laser system which permits 
the simple production of high-quality small as well as large- 
surface video screen holograms- Furthermore, a video screen 
hologram is to be created which can also be implemented in a 
large-surface manner without any reduction of the quality of 


l;f*^- the image during the projection, 


This object is achieved by means of the method and the 


Ltp device for producing video screen holograms according to 

m 

,3 Claims 1 or 16, by the laser system according to Claim 19 as 

well as by the video screen hologram according to Claim 21. 


Additional advantageous characteristics, aspects and details 
of the invention are contained in the dependent claims, the 
description and the drawings. 

In the case of the method according to the invention, a 
real video screen is illuminated by means of a narrowband 
light in order to produce a hologram of the real video screen, 
a large number of individual recordings being made in the case 
of which only one partial area respectively of the real video 
screen is illuminated, so that the video screen hologram of 


"t^'e'^^entire video screen is obtained by the composition and/or 
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superimposing of the individual recordings. As a result, only 
very brief luminating times are possible so that disturbances 
during the lumination, for example, by shocks or other 
instabilities are avoided. Furthermore, there is no 
occurrence of intensity reductions at the edge or of periodic 
shadow patterns. A uniform color display becomes possible on 
large surfaces. 


M*^ Advantageously, the illumination takes place by means of 

Oi a scanning pulsed laser beam. The pulse duration is, for 

Uj 

example, dimensioned such that the movement of the laser beam 

•SI- 

i=p=K 

Ixti over the video screen has no influence on the interference of 
the light waves in the hologram. The recorded partial areas 


IS 


m 
m 

Wi 
Q 

m 


of the video screen preferably correspond to the size of image 
pixels or are larger. In particular, the lumination can take 
place by means of a pulsed diode-pumped solid-state 
continuous-wave laser . 


A frequency conversion preferably takes place in one or 
several of the wavelength ranges red, green, blue. For 
example, a contact hologram or a video screen plane hologram 
is produced. A transmission hologram or a reflection hologram 
may also be produced. Laser beams are preferably generated 
with a coherence length which is greater than the difference 
'o'f~the"ri"gKt paths"Be'tween the oB"j"ec'f~beam and~The reference 
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beam. The scanning rate and the pulse duration are, for 
example, coordinated with one another such that the movement 
of the laser beam during a pulse is less than 1/10 of the 
wavelength. 

Preferably, a repeated scanning of the video screen 
surface takes place by means of a respectively phase-shifted 
laser beam. The distribution of the lumination can be 
measured in order to correct the lumination during a 

pj subsequent lumination cycle. Several luminations may also be 

Ql 

lyj carried out by means of light rays or laser beams which are 

Mi; 

.xj; polarized perpendicular to one another in order to produce two 
rfji mutually independent screen images in the hologram. 

%u Furthermore, several luminations with changed recording 

if I? 

^y! parameters can be carried out, for example, a changed site of 
W the real video screen or a changed place of origin of the 
reference beam. The lumination preferably takes place 
simultaneously by means of light rays or laser beams of the 
primary colors red, green, blue, which are coaxially adjusted 
on a beam axis. 


The device according to the invention for producing video 
screen holograms has a narrow-band light source for 

illuminating a real video screen, which light source is, for 
e'xampIeT arrange"ci such~tRartr~the ITTght emanating from the video 
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screen is superimposed with respect to a reference beam in 
order to produce a hologram of the video screen, in which 
case, furthermore, a scanning device is provided for guiding 
the light radiation emanating from the light source over the 
video screen, the light source generating a pulsed light 
radiation. As a result, high-quality large-surface video 
screen holograms can also be produced in a simple manner. 

The light source preferably simultaneously generates a 
red, green and blue laser radiation. The light source 
comprises particularly a laser system which will be described 
in the following. 

The laser system according to the invention for producing 
RGB rays is suitable particularly for the generating of video 
screen holograms and comprises: A laser beam source for 
generating laser radiation, a frequency conversion device, and 
an optical-parametric oscillator, the laser beam source 
comprising a pulsed q-switched laser oscillator. 

By means of this laser system, large-surface video screen 
holograms for a color projection with a high image quality can 
be produced in a simple manner. 

The q-swrtcfieci~laser osciTlator is prefera&ly a single- 
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frequency IR oscillator. The laser beam source has, for 
example, a laser amplifier which is connected behind the q- 
switched laser oscillator. The video screen hologram 
according to the invention has a holographic recording 
material in which a real video screen is stored as a hologram, 
the video screen hologram containing a large number of 
individual recordings in which, in each case, a partial area 
of the real video screen is imaged as a hologram, the entire 
image of the video screen resulting from assembled and/or 

Q; superimposed individual recordings. This results in a high- 

S 


quality image reproduction, even in the case of a large- 
surface implementation of the video screen hologram. 


" The video screen hologram is preferably produced 

Q 

i^Hi according to the method of the invention. 

m 

Uli 

rUi The invention will be described in the following, in the 

manner of an example by means of the figures. 


Figure 1 is a schematic lateral view of an arrangement 
for recording a reflection video screen image hologram as a 
contact hologram; 

Figure 2 is a top view of the arrangement according to 
Figure 1; 
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Figure 3 is a schematic view of an arrangement for 
recording a transmission video screen hologram as a contact 
hologram; 

Figure 4 is a view of an arrangement for recording a 
video screen reflection hologram for a front projection; 

Figure 5 is a view of an arrangement for recording a 
transmission video screen hologram for a rear projection as an 
image plane hologram; and 

Figure 6 is a schematic view of a laser system according 
to the invention. 

Figure 1 is a schematic lateral view of the recording of 
a reflection hologram of a video screen as a contact hologram 
for a later front projection. A holographic recording 
material 12 is in contact with a video screen 11. A laser 
beam bundle 13 from a rapidly pulsed laser 16 is scanned by 
means of scanners 14 and 15 over the recording material 12 in 
two axis directions x and y in a surface-covering manner, for 
example, by means of a circular-shaped laser beam spot. 
Figure 2 is a top view of the holographic recording material 
1"2": The"l"aser beam 13 successi'vely iTluminates a partial area 
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11a of the recording material 12 and of the video screen 11 
situated behind the latter. Differently shaped laser spots, 
such as a rectangle, may also be used. A portion of the 
impinging laser radiation 13 is allowed by the hologram or the 
recording material 12 to pass through and impinges on the real 
video screen 11 which scatters radiation 17 as object light 
waves back into the hologram 12. There, the object light 
waves again impinge on the incident beam 13 and, together with 
its waves, form holographic interference patterns which are 
stored by the luminating process as a hologram in the 
recording material 12. Many different scanning figures can be 
used, such as raster scans, sinusoidal scans or spiral scans. 

Thus, the video screen hologram is not recorded as a 
whole in one piece as an image of the real video screen 11 but 
in a very large number of individual recordings in which in 
each case only small portions 11a of the real video screen 11 
are illuminated. The entire image of the video screen 11 will 
then be obtained as a composition or superimposition of the 
large number of individual recordings, for example, in the 
manner of image pixels. 

The produced video screen hologram is constructed as a 
contact hologram or as a so-called image plane hologram, in 
which the projected image when displayed appears in 'the 
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hologram plane. By luminating screens in the primary colors 
red, green and blue into the same hologram layer 12 or into 
three layers laminated onto one another, colored images can 
later also be projected onto the holographic screen. 

Contact holograms have the advantage of a simple optical 
construction during the recording. As illustrated in Figure 
1, the hologram is therefore placed in contact onto the real 
video screen 11, for example, a reflecting scattering lens or 
transmitting obscured glass and is luminated together with the 
reference beam without any additional object illuminating. 
During the projection, the angle of the backscattered 
projection light from the hologram 12 in the direction of the 
viewer is the same as that of the real video screen with 
respect to the recording light beam 13. 

The invention is based on the fact that the holographic 
video screen or the hologram 12 must reflect the optical 
characteristics of the image pixels, that is, the brightness 
(half-tone) , the color, the polarization and the angle of 
radiation only individually for each pixel from the screen. 
An optical linking between adjacent pixels does not exist, and 
a video screen as a contact or image plane hologram has only a 
two-dimensional structure. So that the hologram 12 can 
reflect this method of operation of a flat video screen in the 
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hologram plane, it is not absolutely necessary the record the 
real video screen 11 in a single lumination over an extended 
hologram surface, as takes place in the case of holograms of 
three-dimensional objects, but the video screen may be 
constructed as an assembled film or a film constructed in a 
mosaic-type of separate individual recordings of partial areas 
11a of a video screen. These partial areas 11a may therefore 
be reduced to the size of an individual image pixel. 

The holographic video screen is recorded by luminating 
the real larger video screen 11 with a rapidly pulsed laser 
beam 13 which is scanned without gaps over the entire surface. 

So that the movement of the beam 13 over the screen 11 or 
over the recording material 12 has no influence on the 
interference of the light waves in the hologram 12, it is 
ensured that, on the one hand, the pulse duration of the laser 
16 is sufficiently short, and that, on the other hand, the 
coherence length of the laser light is sufficient for the 
forming of the interferences. In order to achieve a 
particularly economical production of the holographic screen, 
the pulse repetition frequency of the'' laser 16 and its median 
power is sufficiently high so that a short luminating time is 
achieved. 


Suitable lasers for this type of holographic lumination 
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are, for example, high-power, rapidly pulsed, diode-pumped 
infrared solid-state continuous-wave lasers with only a single 
longitudinal mode whose radiation is displaced by frequency 
conversion into the red, green and blue wavelength range. The 
scanning of the video screen surface can take place by means 
of commercially available laser beam scanners. 


I" 


m 
m 


The partial holograms 11a are selected at least so large 

that no disturbances occur, such as a reduction of contrast, a 


Ql color distortion and a reduction of the image resolution in 
Ull the later image reproduction by light diffraction or a fine 
structure of the holograms itself. Such disturbances are not 

Uli 

lYjr - expected -if the partial holograms 11a are larger than the 


image pixels of the projection. On the other hand, the size 
and the shape of the partial hologram 11a and the scanning 
rate can be selected such that, by means of the defined 
l^fe operating parameters of the recording laser, such as the 

median power and the pulse repetition frequency, an optimal 
irradiation and a homogeneous illumination of the hologram 12 
is achieved without reducing the efficiency of the recording 
simultaneously by the movement of the scanning beam 13. 


In general, for the recording of object holograms, the 
object itself must be illuminated by means of an object beam 
and the hologram must be illuminated by means of a reference 
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beam. The light scattered by the object is then superimposed 

in the hologram film with respect to the reference beam. In 

the case of the pulsed recording illustrated here, in which 

only a portion 11a of the real video screen 1 is illuminated 

as the object and simultaneously a portion of the hologram 12 

is illuminated directly by means of the pulsed reference beam 

13, the luminations are implemented in a synchronously 

superimposed manner. This can easily be implemented by means 

of contact holograms, in the case of which the hologram film 

Q 12 is placed directly on the real video screen 11 and the 

ijl reference beam 13 is used for illuminating the hologram 12 and 

s,. for illuminating the video screen 11. 
Uli 

In the case of image plane holograms, the video screen is 
imaged by means of a lens into the hologram. So that the 
Uli partial illumination of the video screen with the object beam 
111 and the hologram with the reference beam mutually overlap, the 
two scanning beams must be mutually synchronized during their 
movement such that the imaged spot of the video screen in the 
hologram and the spot of the reference beam will in each case 
be congruent. 


During the lumination, the light waves in the object beam 
and the reference beam must be coherently imposed on one 


another in the hologram. This means that the coherence length 
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of the used illumination laser 16 has to be at least as large 
as or larger than the difference of the light paths between 
the waves of the object beam and the reference beam which 
originate from a common beam, until they meet again in the 
hologram 12. Within the scope of the invention, this demand 
can be met by a corresponding design of the beam guidance and 
the build-ups of the holograms with respect to the coherence 
length of the available lasers. 

The movement of the interfering waves in the hologram by 
the scanning beams (object beam and reference beam) during the 
pulse duration with respect to one another and with respect to 
the hologram film amounts to no more than fractions of the 
wavelength (<A/10) . This condition is met by a corresponding 
adjustment of the scanning rate in relationship to the pulse 
duration of the laser. In the case of a pulse duration of 10 
ns and a scanning rate of 5 m/sec, the movement of the beam 
is, for example, 50 nm, which corresponds to approximately 
A/10. 

During the scanning with a pulsed radiation at a constant 
power from pulse to pulse, a large hologram surface can be 
covered with a uniform average intensity distribution, but the 
lumination, that is, the light intensity times the time, 
depending on the ratio of"the scanning rate to the pulse 


16 


P609391/WO/1 


Translation of PCT/DEOO/02220 
C&M Ref: 420/50815 


repetition frequency of the beam with the Gaussian intensity 
profile, will be periodically modulated over the whole surface 
along the scanning sweep. The invention therefore also 
provides that this periodic local non-uniformity of the 
illumination as well as inhomogeneities in the hologram 
thickness, for example, in the case of a mosaic-type laying of 
several holograms side-by-side, are compensated by a repeated 
scanning of the same surface by means of a phase-shifted 
scanning beam or by controlling the pulsed power. Here, the 
invention partly utilizes the characteristic of hologram 
recordings that several object luminations can be stored in an 
overlapping manner and independently of one another in a 
single hologram, - ' ' - 

So that this lumination process can take place 
automatically, in an embodiment of the invention which is not 
shown, the distribution of the lumination is monitored by a 
calibrated backscatter sensor which is arranged in the beam 
path of the illumination laser coaxially to the pulsed 
lumination beam. As an alternative, monitoring cameras may 
continuously measure the laser illumination over the entire 
hologram surface. The thus obtained lumination pattern can be 
stored by a microprocessor or computer and can be used during 
subsequent repeated scanning cycles over the entire hologram 
surface by controlling the laser light intensity and surface 
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distribution of the scanning figure for the subsequent 
correction of the lumination of the preceding lumination 
patterns. 


After the development process, the optical 
characteristics of the video screen are stored in the hologram 
12. Preferably, so-called thick holograms (10-20 jam) are 
used, for example, consisting of photopolymer, dichromate 
gelatin or silver halide materials. In comparison to thin 
Qj holograms, thick holograms have the advantage that they 

w? 

K particularly selectively diffract out light with the same 

Itii wavelength as during the recording, specifically only when the 

cci 

j2 angle of incidence of the reconstruction beam is the same as 

u!i 

Ijji the angle of incidence of the reference beam during the 

hi 

ijj; recording. 


Q 


The optimal accumulated lumination of the holograms 
differs for each material and for each wavelength. For 
photopolymer materials, for example, it is at approximately 25 
mJ/cm^; that is, for the lumination of 1 m^ with a laser 1 W of 
median power, 250 seconds or approximately 4 minutes are 
required. In the case of silver halide films, a lumination of 
only approximately 0.5 mJ/cm^, whereby the lumination time can 
be correspondingly shortened. Image plane holograms are 


recordings of screens imaged by means of lenses or mirrors. 
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which screens are situated in the hologram plane. The angle 
of radiation of these holograms can be considerably narrowed 
by the imaging geometry, with a corresponding increase of the 
brightness of the image, which is very advantageous for many 
applications • 

Figure 3 illustrates a recording of a contact hologram of 
a video screen 31 as a transmission hologram 32. In this 
case, it is necessary that a reference bundle of beams 33, 
whose beam path coincides with the projection beam during the 
later image reproduction, impinges as a convergent partial 
beam bundle of a pulsed laser 39 on the hologram 32. The 
interference structures which then form in the hologram 32 as 
the result of the superimposition of scattered light 30 from 
the screen on the reference bundle 33 of beams, will then 
correspond to an image reproduction in a rear projection from 
the intersection or projection point 36, that is, the 
lengthening of the beam bundle 33. During the projection, the 
viewer will then stand opposite the later projection point 36 
on the opposite side of the hologram 12. The generating of a 
convergent bundle of beams from a two-axis scanner 34 and 35 
can most easily be implemented by way of a mirror 37 of a long 
focal length which images the source point of the scanner 38 
in the intersecting point 36. The hologram 32 and the real 
video screen 31 are then placed in a sectional plane of the 


19 


P609391/WO/1 


Translation of PCT/DEOO/02220 
C&M Ref: 420/50815 


beam path of the partial beam bundle 33. 

Figure 4 illustrates a recording of a transmission 
hologram as an image plane hologram for the rear projection. 
Here, a real video screen 41 is imaged by means of a lens 46 
on a hologram 42. Simultaneously, a reference beam bundle 4 3 
impinges from the other side on the hologram 42. The two 
scanners with the x-y scanner mirrors 57 and 58 or 57' and 58' 
are synchronized such that the two illumination spots of the 
reference beam bundle 43 and of the illuminated surface 40 of 
the real screen in the hologram 41 are synchronously 
superimposed. The illumination beams for the real screen 42 
and for the reference bundle 43 of beams are separated and 
deflected by means of separator mirrors 44 and deflecting 
mirrors 44' from the common laser 49. 

Figure 5 illustrates a recording of an image plane 
hologram as a reflection hologram for the later front 
projection. In this case, a real screen 51 is imaged in a 
hologram plane 52 by means of a lens 56, and the image is 
synchronously superimposed there with a reference bundle 53 of 
beams. By means of a separator mirror 54, a portion of the 
reference bundle 53 of beams can be used for illuminating the 
real screen 51. Additional auxiliary mirrors are required for 
compensating the space reflection of the lens 56, which is 
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illustrated here for the one space plane on the example of the 
auxiliary mirror 55. For the simultaneous scanning of the 
screen 51 and the hologram 52, only one pair of scanner 
mirrors 57 and 58 is used here in front of the pulsed laser 
59. 


In order to facilitate the recording of three-color or 
multicolor screens, for example, of the rgb colors, the beams 

of three rgb lasers or of one laser with a three-color rgb 
emission are coaxially adjusted with respect to an identical 
j^i; beam axis. During a joint scanning and luminating of the 
''^l screen and of the hologram with the reference beam, the three 

^^A . colors are -simultaneously on the real video screen.- The 

CC!i 

reference beam also represents a superimposition of three rgb 
iJli partial beams . 

It:!; 

Q 

ryj This simultaneous recording of all three rgb colors in 

the same hologram naturally requires that the hologram 
material is photosensitive to all colors. However, this also 
applies to a number of photopolymers and silver halide films 
as well as to individual dichromate gelatins. 


For recording the video screen holograms described here 
with a rapidly pulsed rgb illumination, modern diode-pumped, 
q^sivi'tched~iTTf ra:f^~"so 
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emission in only one longitudinal resonator mode. The lasers 
are adjusted to the rbg emission at the suitable rgb 
wavelengths by a classical frequency conversion, such as 
frequency doubling, optically parametric processes and 
summation and difference frequency formation, in various non- 
linear crystals. 

Separate lasers can be used for the individual colors, 
but it is more advantageous to use lasers which have a single 
joint q-switched laser oscillator. The lasers of joint 

amplifier stages on the output side and a joint optical- 
parametric oscillator which splits the fundamental wave of the 
laser or its frequency-doubling wave into two partial waves of 
a longer wavelength (idler and signal wave) . A subsequent 
beam separation is used for separating the primary radiation 
into different beam branches, where different further 
frequency conversions take place, such as frequency doubling, 
frequency summation and difference formation for producing the 
individual colors. 

A significant advantage of such a joint primary laser is 
the fact that the emission of all three rgb color branches 
takes place completely synchronously with the same pulse 
repetition frequency, in a solid phase and with a comparable 
speetrrad— width— cohexen'ce~l"en'gth~a'nc^^ TR~i"s 
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permits a joint recording of the video screen holograms 
simultaneously in all colors. 

RGB lasers, which are based on this basic concept of a 
joint primary laser with a subsequent frequency conversion in 
passive non-linear crystals to the three rgb colors, are 
described, for example, in the above-mentioned German Patent 
Document DE 195 04 047, "Laser System for Color Image 
Projection", and in German Patent Document DE 44 32, 029, 
"Laser-Supported Color Image Display and Projection Device". 
•"^ The diode-pumped solid-state lasers described there are 
H'^ operated in the mode-locked continuous-wave mode. However, 

i:esi. 

Ull with respect to the recording of video screen, holograms, they 
e have the disadvantage that they emit a wide frequency spectrum 

q 

iJl; of individual longitudinal modes, that is, of a short 
h u 

ixlj coherence length in the primary emission as well as after the 
py] frequency conversion. 

Figure 6 illustrates a laser according to the invention 
which is particularly suitable for the above-described pulsed 
video screen hologram recordings. In this case, instead of a 
mode-locked laser, a rapidly pulsed q-switched single- 
frequency IR oscillator 61 of an Nd laser, such as Nd:YLF, 
Nd:YAG or Nd:YVO, is provided; that is, the oscillator 61 has 
^a— s-i-ngie— l-ongi-tudina-l— mode-: — The-power"~ampl-rflxat'iiDn~of""t:lTe 
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pulses takes place in a solid-state laser amplifier 62 of the 
same materials. An optical parametric oscillator 65 is 
provided for a subsequent frequency splitting. This 
oscillator can be adjusted in its wavelength by way of the 
temperature of the non-linear material and/or the adjustment 
of the axis angle in the beam path. As a result, the 
wavelength of the effective rgb radiation can also be adjusted 
during the subsequent frequency conversion. This is 
advantageous for precisely adapting the recording wavelength 
to the later reproduction wavelength. A frequency doubling 
and summation frequency formation also takes place. The 
oscillator 61, is a q-switched Nd:YAG in the longitudinal 
single-mode, operation. The laser amplifier 62 is an Nd:YAG or 
NdrYVO amplifier chain. Furthermore, a frequency doubler 
crystal 63 is provided as well as beam separators 64, 64' for 
separating the fundamental radiation of the primary laser 
Ai=1.06 ]jim from the frequency-doubled green radiation Ai=0.53 
lam. The optical parametric oscillator 65 is pumped by means 
of the green beam Ai and adjusted such that it generates two 
signal and idler beams (Ag and Ai respectively) , which have a 
suitable wavelength for a subsequent summation frequency 
formation in summation frequency generators 66, 67. In this 
case, the wavelengths As and Ai are selected such that the 
summation frequency formation with the beams of the 
■fundamenta"l~wave~l'engt'h~o"f~t"h"e~~ra"se'r~Ai = r70'6 jam ("or^l~rO"4"TiSf)T~ 
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which remains after the frequency doubling, results in 
suitable wavelengths of red and blue. In contrast, the color 
green is taken over as part of the frequency-doubled radiation 
of the primary laser by way of splitting by the simple beam 
separator 64, 64'. 

The suggested rapidly pulsed q-switched laser 61 is a 
continuous-wave laser oscillator with only one longitudinal 
fundamental mode which is operated in a pulsed operation of 
the resonator. A laser of this type is, for example, a diode- 
pumped solid-matter microchip laser, such as the Nd:YAG at a 
laser wavelength 1.06 ]im with such a short resonator that it 
starts lasing only on. a longitudinal mode. By means of an 
internal passive quality switch, for example, made from the 
known Cr^"^:YAG material, the resonator can be adjusted by the 
doping with Cr^"^ ions, for example, to 20 kHz pulse frequency 
with a pulse duration of 10 ns. 

The IR-emission of the laser 61 is now be highly 
amplified in the amplifier 62 which follows; for example, by 
means of the crystal Nd:YAG or Nd:YVO, by a factor 10-100, 
without creating interfering higher longitudinal modes, also 
while maintaining the good beaming quality of the oscillator. 
After the amplification, the pulsed beam is then still 
fxequen-cy=doub±ed— to~the~des"i~red~gre'en~wave"^^^^ nm. 
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which occurs here in a KTP crystal 63. After the frequency 
doubling, which takes place here with an efficiency of 
approximately 30%, a portion of the primary radiation with a 
wavelength of 1.06 ]im remains for a further use in the 
subsequent stages . 

A second possibility is the use of passively quality- 
switched Nd:YAG ring lasers with the same Cr^"^ YAG quality 
switch, a similar pulse repetition frequency, but a better 
frequency stability and a higher median power. By means of 
subsequent amplifier stages as in the previous case, a median 
power of 10-39 W can be generated in a longitudinal mode. 

One possibility is the use of a laser actively quality 
switched by means of an acoustic-optical switch with an 
internal standard for adjusting a single-mode operation, 
which, however, requires slightly higher expenditures in 
comparison to the second process. 

Q-switched continuous-wave lasers of the type described 
here have a pulse repetition frequency of 10-20 kHZ, a pulse 
width of 5-20 ns and a frequency bandwidth of the laser 
emission below 100 MHz. They can be designed such by means of 
an amplifier stage that, after the frequency doubling 1 W 
green emission is created, and by means of two or three 
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stages, up to 10 W green radiation is generated and 30 W 
infrared radiation is generated in the device. After the 
conversion in the optical parametric oscillator 65 and a 
further frequency doubling or summation frequency formation, 
all rgb beams can then be produced with a median power of 
several watt. A significant advantage of this concept is also 
that the colors blue and red can be continuously displaced by 
the adjustment of the wavelengths of the idler and signal 
wavelength Ag, Ai in the optical parametric oscillator 65 for 
the adaptation to the wavelength of the later image projection 
;7{ lasers . 

Ulj By means of the characteristic laser data, such laser 

« systems are particularly well suitable for the recording of 

q 

iJt: the video screen holograms. If, for example, the pulse 

ri!i 

1^1 duration of the laser amounts to 10 ns and the scanning rate 
r[|j. amounts to 5 m/sec, during this pulse duration, the beam moves 
laterally by 5 x 10~^ m during this pulse duration, which 
corresponds to 1/10 of the wavelength at, for example, 500 nm. 

This small displacement has no noticeable influence on the 
quality of the interference pattern in the hologram. If the 
pulse frequency were, for example, 20 kHz, the beam would move 
from pulse to pulse at this scanning rate by 1/4 mm. The 
coherence length of a At = 10 ns single-mode pulse amounts to 
appr'oxlniat^Xir~At"~c = 3~m; wherein c is the speed of light. 
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The difference of the travelling paths of the object and 
reference beam must not exceed this value, which can easily be 
observed in the case of all suggested build-ups of the 
holograms . 

Therefore, video screen holograms can be designed either 
for a front projection as a reflection hologram or for a rear 
projection as a transmission hologram. Either the recording 
in the contact process with the real video screen, or as an 
image plane, hologram, that is, after an imaging of the video 
screen on the hologram, as illustrated above, are suitable for 
both processes. In all cases, the object beam and the 
reference beam are moved synchronously over the hologram. 

Only light sources with an identical linear polarization 
can interfere with one another and be stored as a holographic 
image of screens in a hologram; that is, only light waves of 
an identical linear polarization in the reference beam and the 
object beam can contribute to generating the image of the 
video screen. Therefore, the lasers used for the recording of 
the holograms are preferably polarized in a strictly linear 
manner in order to ensure the efficiency and the homogeneity 
of the illumination over the entire hologram surface. Since 
most lasers with a good beaming quality are strictly linearly 
'pio~ra"rl"zed^f rom the starts this does not cause any limitation 
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of the recording technique. 

For the recording of video screens for the stereoscopic 
image reproduction, video screen materials are used which 
depolarize an impinging linearly polarized light beam by 
backscattering or by forward scattering. This applies to many 
projection screen materials for the rear projection with a 
good fine roughness of the surface or a slight volume 
scattering and to almost all projection screens with a high 
volume scattering for rear projections. Since the reference 
beam also has a strict polarization direction of the laser, 
when a real video screen is recorded, this polarization 
direction is maintained in the hologram. If now two 
recordings are successively made of the same screen, in which 
case the polarization direction of the reference beam is 
rotated from one to the other by 90^, two independent screen 
images are created in the same video screen hologram, each 
being effective only with respect to a projection beam with a 
defined polarization direction. Both screen images affect 
mutually orthogonal polarized projection beams. Thus, also 
prerequisites are met for the projection of mutually 
orthogonally polarized stereo images and their stereoscopic 
viewing by means of polarization glasses. 
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The switch-over of the polarization by 90° in the 

reference beam can be carried out in a very simple manner by 
rotating a A/2-plate in the beam path behind the outlet 
aperture of a strictly linearly polarized illumination laser. 


If several video screen recordings are made of the same 
screen successively into the same hologram while the site of 
the whole screen or of the place of origin of the reference 
beam are changed, the interfering speckle images are 

D superimposed coherently with a statistical size distribution. 

Q 

Ltii Together, they represent a new virtual screen after the 

^£1: luminations, which screen has a significantly higher fine 

Ul! 

rjiV structure than the real original screen. This results in a 


displacement of the entire appearance image toward larger 
speckles which then, during the subsequent image reproduction, 
can be eliminated more easily by a slight local or time- 


rs 
Q 

iUi related modulation of the projection beams. Therefore the 


characteristic of holograms is utilized of storing several 
images with slightly changed recording condition above one 
another but independently of one another in the same hologram. 

Also in the case of video screen holograms which are recorded 
by means of pulsed lasers, the size of the interfering image 
speckles which occur during the image reproduction by means of 
lasers can therefore be changed. 
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The method described here of recording a scattering 
holographic video screen can also be used for recording the 
function of a plane mirror which basically represents only a 
borderline case of a scattering surface. Because of their 
selectivity in the wavelength, such holographic mirrors can 
advantageously be used as auxiliary elements in the recording 
devices or in the projectors. 
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